Objective: To compare the pattern of thermal stabilization seen in infants born at a rural primary health center (PHC) with that of infants born in an modern urban tertiary care hospital (TCH).
Introduction
Hypothermia is a major cause of neonatal morbidity and mortality. Several previous studies have shown the adverse effects of hypothermia on increased metabolic stress and compromise in extra uterine physiologic adaptation. [1] [2] [3] [4] [5] These studies were mainly carried out in a controlled optimal environment. 6, 7 In contrast, in developing countries the environment in the delivery rooms (DRs) is uncontrolled. 8, 9 Studies in developing countries, including India, have demonstrated high incidence of hypothermia in neonatal period. [8] [9] [10] [11] [12] However, there are little data regarding the thermal changes in the immediate newborn born period in infants delivered in tertiary and rural health care facilities in resource-poor countries. The purpose of this paper is to present the comparative data of thermal adaptation of newborns born in an urban wellequipped tertiary care hospital (TCH) and newborns born at a rural primary health center (PHC) in India, a resource-poor country.
Methods
The internal review board of the KLE University, Belgaum, India, approved the study protocol. Written consent of mothers without high-risk factors was obtained before delivery for enrollment of their babies into the study at both sites.
At both sites the monitoring methods were similar. After vaginal delivery, the right palm was dried and oxygen saturation (SpO 2 ) probe was attached. After complete drying of the baby, temperature probes were attached at two different sites. The central skin temperature probe was placed on the right hypochondrium just above the umbilicus level. The peripheral temperature probe was attached to the sole of the foot above the heel and was secured in place using a Micropore tape. We used YSI 427/729 (YSI, Dayton, OH, USA) reusable pediatric skin temperature probes with accuracy of ±0.15 1C. These temperatures, SpO 2 and heart rate were recorded simultaneously using a Planet 55 4 channel multi-recorder (L&T Company, Mysore, India). Battery backup assured continuous uninterrupted recording. Recording began in the DR and completed up to 12 h later in the postnatal ward (PNW). Each value was averaged and recorded at 5 s intervals. Additionally, at both sites we monitored room temperature and humidity in the DR and the PNW (Thermo-Hygro clock MEXTECH M288CTH Japsin Instrumentation, Mumbai, Maharashtra, India) at regular intervals.
Infants born at term by normal vaginal route without antenatal and intranatal risk factors were included in the study. Inclusion criteria of infants into the study were: (1) full-term infants born by normal vaginal route, (2) infants who did not require resuscitation at birth, (3) infants with no congenital anomalies and (4) birth weight >2200 g. At the TCH, after delivery the infants were placed under a radiant warmer and care was given as per Neonatal Resuscitation Program guidelines. 13 The TCH PNW was a general 60 bed open room for mothers and newborns with no air conditioning or central heating system. Windows of the unit were open or closed depending on the weather conditions. The PHC is located 22 km from the TCH and is a teaching affiliate. The single DR was equipped for vaginal deliveries with a resuscitation trolley including oxygen and bag/mask resuscitation capability and vacuum suction. The postnatal recovery area consists of a general ward with six beds. Training of staff was similar to the TCH and included assurance of quality recording techniques and adherence to the protocol before enrolling study subjects.
After delivery at the PHC, the newborn infant was dried, wrapped in a cloth, moved to the general ward and the various sensors were then attached as described for the TCH. The mother was moved to the ward about 30 to 45 min later and mother-baby dyad was co-bedded similar to TCH.
All infants were exclusively breast-fed on demand. As per traditional practice, in both environments the newborn infants were not clothed (no shirt, cap or socks) but were wrapped in a cloth and remained under a cover shared with the mother. Change of wet and soiled clothing was done as needed.
Data analysis
Data were transferred to an Excel spreadsheet program (Microsoft, WA, USA). For analysis we included only those tracings that had data starting within 5 min of birth in the TCH and 10 min of birth in the PHC and continued until 12 h of life. We excluded readings from analysis when the probes were found to be displaced. There were no failures because of power interruption.
Data were merged and analyzed using SPSS version 16.0 (South Asia Pvt, Bangalore, Karnataka, India). All values are reported as mean and standard deviation (mean ± s.d.). We calculated abdominal (Ta) and foot (Tf) temperature in every 5 min for the first 2 h after delivery and then in every 15 min until completion of the recording. We compared the data using unpaired Student's t-test where appropriate. Pp0.05 was considered to denote significant difference between groups.
Results
Differences between the two sites with regard to infant care capabilities are highlighted in Table 4 . The personnel at the TCH had Pediatrics specialty training, electricity was continuously available, postnatal care occurred in a dedicated PNW with environmental controls, a radiant warmer and warmed towels were available for postnatal use. Also, the TCH infants initiated breast feeding and maternal contact earlier after birth. At the TCH, initially infants were kept under a warmer, dried, sensors were applied, then wrapped in cloth. While still in the DR infants were given to the mother for breast-feeding at age 0.75 ± 0.5 h and remained with mother until transfer to the PNW. Transfer occurred at 2.5 ± 0.8 h after birth and required 15 ± 8 min.
Of the 30 infants enrolled at TCH, 8 infants were excluded from study due to inadequate data collection or technical difficulties in data collection. Additionally, two parents did not give consent to continue monitoring for 12 h. Data of the remaining 20 infants were included in the analysis.
At PHC, we enrolled 61 newborn infants into study of whom 8 infants were excluded from the study analysis due to inadequate data collection or technical difficulties in data collection, 2 infants were excluded because of birth weight <2200 g. The data of the remaining 51 infants were used for analysis.
Demographic profiles of the two study groups are shown in Table 1 . Infants enrolled into both groups had comparable gestational age and birth weights. Table 2 shows data on room temperature and humidity in the DR and PNW in the TCH. There were no significant differences in room temperature and humidity between the DR and PNW at TCH. At PHC, the DR and PNW were adjacent to each other, and temperature and humidity range were not different. Figure 1 shows the trends of Ta and Tf in babies studied at TCH. In DR, the mean Ta was 34.62 1C ± 0.69 at 5 min and reached to maximum of 35.9 1C±0.60 at 2 h of age, whereas mean Tf dropped precipitously to 30.3 1C ± 1.57 by 2.5 h. Tf declined even further after transfer to PNW reaching a mean of 29. The PHC Ta values were consistently lower than those observed in babies studied at TCH, and this difference between the groups was consistently 1.5 1C through the study. These differences suggest that babies born at PHC had a relatively lower core temperature compared with babies born at TCH. Table 2 gives ambient temperature and humidity at the two sites and Table 3 gives the data points at specific times from birth for both the groups. The data show that both Ta and Tf were lower in infants cared for at PHC (P<0.05) than those infants cared for at TCH. It also shows that Ta and Tf of infants at PHC continued to stay significantly lower (P<0.05) than the Tf of infants cared at TCH, except for the difference in Tf and Td at 2 and 6 h.
Among the TCH group, 9 (45%) attained Ta of 36 1C by 2 h of age, but among the PHC infants only 6/51 (15%) infants attained that Ta in the same time. In all, 85% of infants delivered in TCH reached a stable Ta above 36 1C maximum by 8 h of age and maintained this temperature until the end of the recording period. However, only 29.5% of the infants born at PHC achieved and maintained temperature above 36 1C during the study period. Of the six low-birth weight (2200 to 2500 g) PHC infants only two had achieved Ta of 36 1C by 2 h of age.
We assumed that the area between Ta and Tf over a unit time serves as a proxy to metabolic stress in the baby. The area between Ta and Tf from birth to 12 h age was calculated using the trapezoidal rule. 14 The difference between Ta and Tf (Td) and the area between Ta and Tf curves obtained from two sites was calculated and compared. The mean Td of 4.80 1C±0.83 in TCH group was significantly lower (P<0.002) than the mean Td 5.4 1C±(0.39 of PHC group. The area between the curves was also higher at PHC than at TCH.
Discussion
Current information on incidence of hypothermia is based on the studies conducted in controlled environment of DRs from the developed countries [3] [4] [5] [6] and from a few other studies conducted in PNWs 8,9,12 and communities of developing countries. [15] [16] [17] [18] [19] [20] No information is available on thermal adaptation immediately after birth of infants who are delivered in hospitals and PHCs in countries with limited resources to maintain controlled room temperature and humidity as per standard guidelines. 19 We studied trends in thermal adaptation of newborns delivered and cared for in a TCH and of infants delivered at a PHC using the same study protocol. Our studies, which were initiated within minutes of birth continued until 10 to 12 h of life, showed several differences in thermal adaptation of infants delivered at PHC compared with those delivered at the TCH. Babies delivered at PHC had consistently lower Ta and Tf, and took longer for Ta to reach 35.4 1C temperature (maximum mean Ta), the mean Tf took longer to improve and remained lower than that of TCH babies even at 5 h of age. Td all through study was significantly greater in PHC babies than babies at TCH. Altogether babies at PHC experienced greater thermal stress. These differences in thermal adaptation between infants born at PHC and those born at TCH are Tf(TCH) Figure 1 The graph shows the temperature trends in Ta, Tf at TCH and PHC from birth to 12 h of age in babies born at TCH and PHC. Note that Ta and Tf are lower in babies born at PHC than TCH all through the study period. The Ta in both groups starts lower then steadily increases. The area between Ta and Tf during the study period reflects thermal stress. PHC, primary health center; Ta, abdominal temperature; TCH, tertiary care hospital; Tf, foot temperature. 
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of clinical importance as they may impact on neonatal morbidity and mortality. Our findings are supported by previous studies of oxygen consumption and heat loss using sophisticated metabolic studies. Malin and Baumgart 21 showed that wider differences between skin temperature and rectal temperature indicated higher oxygen consumption. In another study, Karlsson and colleagues 6 measured heat loss in the newborn at birth and showed that heat loss was directly proportional to temperature differences between abdominal and rectal temperatures.
Other reports from developing countries have reported similar findings to ours. In one village-based study in India, 11% of 189 neonates were found to be hypothermic (<35.6 1C) based on a single-temperature reading taken within the first 24 h after birth. 17 A recent community-based study in rural India showed the prevalence of hypothermia (<36.5 1C) was high in both low-birth weight (49%) and normal-birth weight (43%) infants. 20 In Nepal, continuous ambulatory monitoring was done starting within 90 min of birth. Mean core temperature of infants was found to be <35 1C for 72% of the measurements in first 8 h. 8 In a crosssectional study done at a peri-urban hospital in the Uganda 79% of newborns were found to be hypothermic at 90 min of age. 18 In a study from Zambia, 44% infants between 0 and 7 days of life were hypothermic at admission to hospital. 19 A study done in a TCH in India 12 showed that even during the months of summer in May, when ambient temperature of maternity ward was maintained between 26 and 28 1C, nearly onefifth of the healthy term babies were under cold stress as evidenced by >2 1C difference between the core and peripheral skin temperatures.
It is important to identify the factors responsible for the observed differences in thermal adaptation of infant born at PHC. The study populations in the two groups were similar in terms of gestational age, birth weight and clinical parameters. Also both groups of infants were given standard newborn care. Thus, observed differences in thermal adaptation must be due to differences in other factors such as environmental, equipment, infrastructure and clinical practices in maintaining thermal neutrality during the immediate neonatal period. Table 4 gives the three major differences that were identified between the two sites: environmental temperature, equipment and personnel skills.
It should be noted that there is no mechanism to maintain WHO (World Health Organization)-recommended 22 room temperature at either site. In the PHC a radiant warmer was available, but not frequently used due to interrupted power supply. In addition, there was no separate room to care for the mother and baby dyad. The medical staff nurses at PHC are trained but not skilled to provide newborn care and are burdened with multiple We recognize several limitations of this study. The primary investigator (MB) could not be not present at PHC for delivery of all babies included in the study to monitor each case completely. This was impractical because of unpredictability of deliveries and the distance involved. However, we engaged committed medical staff and health workers who were trained to collect quality data and were under the constant supervision of the investigator. As the PHC serves as a teaching unit, the medical staff particularly the resident staff was well acquainted with the routine procedures of newborn care followed at TCH. Even though supply of electricity was often interrupted our recording equipment was supported by an uninterruptible power supply. The relatively short distance of 22 km was also a supportive factor for frequent visits by the investigator.
The findings of our study are of special importance in view of recent Government of India policy to increase deliveries at PHCs. As per the Indian Public Health standards, PHCs are expected to provide 24-h delivery services, along with newborn care services. 23, 24 Scaling up of neonatal care through data-driven decision making process is necessary to improve neonatal outcome. 25 India is still not on track to achieve the Millennium Development Goal 4 by 2015. It is therefore essential to recognize the knowledge gaps that are hindering the progress. 26 Our study indicates that there is a dire need to improve physical structure of PHC to provide thermal-neutral environment, and the need for capacity building of staff at PHCs in recognizing and managing thermal stress in newborns. Although PHCs may be equipped with standard radiant warmers in the DRs, problems associated with frequent power outages, lack of technical support and lack of staff training can make them dysfunctional. Our studies underscore the need for rigorous implementation of protocol-driven newborn care at all PHCs. The need for health education to change traditional practices has already been identified in previous studies. [27] [28] [29] 
